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Measurement of changes in the assembly ofmagnetic particles in sediment records is useful both for paleoclimatic
and paleoceanographic reconstructions and for assessing provenance and pathways of sediment transport. In this
study we provide detailed rockmagnetic analysis along with scanning electronmicroscopy (SEM), Ti/Ca ratio and
particle size distribution of the decarbonated fraction of sediments to trace terrigenous source changes during the
last 6 cal kyr BP in core 7610 collected on the SE Brazilian continental shelf. Magnetic mineralogy data indicate a
gradual shift between two distinct sources of sediments: (1) dust from southern South America (Patagonia, central
western Argentina and Puna-Altiplano plateau) and (2) sediments eroded from theweathered volcanics of Paraná
Basin. These materials reached the continental margin off Argentina and Uruguay by different pathways andwere
transported northward by the Brazilian Coastal Current (BCC). The chronology of events related to the environ-
mental record of core 7610 indicates that between 6 and 4.7 cal kyr BP dry conditions over continental South
America resulted in enhanced eastward eolian transport of the Argentinean loess and a limited discharge of the
RdlP river load into the Atlantic Ocean. At this time, the sedimentary magnetic fraction that reached the SE
Brazilian shelf reﬂect predominantly loessic sources transported from the Pampean terraces to the Argentinean
and Uruguay shelves and then distributed northward by the shelf current system. From 4.7 to 2 cal kyr BP the
climate became gradually wetter over the continent and the contribution of oxidized phases from the weathered
Paraná Basin (mainly from the basaltic and acidic volcanics) started to become important. This change in climate
overlaps in time awith the lateHolocene sea level fall recorded along the SE South American coast. Later, from2 up
to 0.9 cal kyr BP evenwetter conditions were prevalent in S and SE South America, and the RdlP sedimentary load
became themain source of sediments transported to the SE Brazilian shelf by the BCC. Themagnetic record of core
7610 reported here together with other paleoenvironmental tracers (palynology, geochemistry and stable
isotopes) thus indicates that the inception of the RdlP plume onto the SE Brazilian shelf started as early as
4.7 cal kyr BP and has been strengthened since then mostly due to changes in precipitation over South America
and to a smaller extent by sea-level changes.
© 2014 Elsevier B.V. All rights reserved.
1. Introduction
The southwestern margin of the Atlantic Ocean has been studied
over the last decades to achieve a better understanding of how
Holocene changes in climate, hydrodynamic conditions, and sea level
affected the depositional environment and transport of its sediments
(e.g. Cavallotto et al., 2004; Mahiques et al., 2009; Nagai et al., 2009;
Chiessi et al., 2010; Gyllencreutz et al., 2010; Bender et al., 2013; Razik
et al., 2013). The hydrological dynamics off the mouth of the Rio de la
Plata (RdlP) is dominated by the plume of its discharge waters, which
is transported northward by the Brazilian Coastal Current (BCC) to the
SE Brazilian continental shelf (Souza and Robinson, 2004; Piola et al.,
2005). The penetration of the BCC onto the SE Brazilian continental
shelf presently reaches latitudes of about 28°S (Piola et al., 2000), and
wind stress is considered to be themain factor controlling its northward
penetration (Möller et al., 2008; Piola et al., 2008). Before the full
development of the RdlP plume, the SE Brazilian shelf could have
received sediments from the Argentinean shelf (Mahiques et al., 2008;
Gyllencreutz et al., 2010), but the causes and timing of this change in
sediment sourcing are still poorly constrained.
The southward ﬂowing Brazil Current (BC) strongly inﬂuences sedi-
mentation on the mid and outer shelves along the SE coast of Brazil
(Mahiques et al., 2004; Mahiques et al., 2009). The BC originates from
the southernmost branch of the South Equatorial Current at around
10–20°S and ﬂows along the South American margin down to 33–
38°S (Fig. 1; Stramma and England, 1999; Soutelino et al., 2011). At
this point it merges with the Malvinas Current (MC) and moves east-
ward, forming the Brazil–Malvinas Conﬂuence (BMC; Stramma and
England, 1999). TheMC is a branch of the Antarctic Circumpolar Current
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(ACC); it ﬂows swiftly northward along the continental slope of the
Argentinean margin up to about 38°S, transporting cold and relatively
fresh subantarctic waters (SAW; Matano et al., 2010). The subantarctic
shelf water (SASW) is a cold and fresh water mass originating from
the SAW over the Argentinean continental shelf at about 55°S (Piola
et al., 2000). Further south, the Patagonian Current (PC), a northward
ﬂow that follows the 100 m isobath up to latitudes of about 40°S
(Palma et al., 2008), transports the SASW northward.
The RdlP dischargewaters produce a northward ﬂowing low salinity
water mass. This northward ﬂow was ﬁrst deﬁned by Zavialov and
Möller (1998) as a freshwater discharge related to the RdlP and the
Patos Lagoon system and named the Rio Grande Current. Later, Souza
and Robinson (2004) referred to this low salinity water as the BCC
and after that Piola et al. (2005) referred to this water ﬂow as the
Plata Plume Water. The seasonal variability of the RdlP plume in the
last decades is identiﬁed by salinity ﬂuctuations along the coast, with
a northward penetration to 28°S during austral winter and a retraction
to 32°S during austral summer (Piola et al., 2000; Piola et al., 2005; Piola
et al., 2008). In this workwewill refer to this northward ﬂux as the BCC,
which accounts for contributions from both RdlP and Patos Lagoon
plumes. Piola et al. (2000) and Piola et al. (2005) have shown that
wind stress has a key role on the northward extension of BCC; changes
in RdlP discharge were considered to exert only a secondary control on
it.
The seasonal pattern of rainfall over South America is mainly related
to land–sea thermal contrast that causes changes in low and high level
atmospheric circulation (Zhou and Lau, 1998; Vera et al., 2002). The
South American Summer Monsoon (SASM) is the main climatic feature
in central South America (Cruz et al., 2005), and its expansion and in-
tensiﬁcation strongly affects precipitation over the continent and espe-
cially over the RdlP drainage basin (Chiessi et al., 2009). During its
mature phase this monsoon-like climate is characterized by strong
southward winds on the eastern side of the Andes (Zhou and Lau,
1998) and by development of the South Atlantic Convergence Zone
(SACZ). A second role is played by the strengthening of the low-level
cyclonic ﬂow during the austral winter rainfall that is caused by the
mid-latitude cyclone over South Atlantic (Vera et al., 2002). The south-
ernwesterlywindbelt (SWWB) has also played an important role in the
climatic conditions over S and SE South America in the past as shown re-
cently by Razik et al. (2013). It blows from thePaciﬁc at the tropospheric
level and discharges most of its moisture on the Andes, bringing dust
from the west into its dry winds (Gaiero et al., 2003; Garreaud et al.,
2009). At a decadal scale, the climatic variability in South America re-
sults from the superposition of several large-scale phenomena
(Garreaud et al., 2009), such as El-Niño Southern Oscillation (ENSO),
Paciﬁc Decadal Oscillation (PDO), and Atlantic Multidecadal Oscillation
(AMO). With regard to the northward extension of the BCC, it is impor-
tant to point out that during El Niño years despite the higher input of
RdlP river, the BCC retracts to the south due to the strengthening of
northeast winds (Piola et al., 2008).
Because sedimentation in the SE Brazilian continental shelf isweakly
inﬂuenced by adjacent terrigenous input, the northward extension of
the RdlP plume plays an important role as a source of sediments to
the SE Brazilian continental shelf (Mahiques et al., 2008; Gyllencreutz
et al., 2010). The RdlP drainage basin comprises a catchment area of
~3.2 × 106 km2, which encompasses a large surface of the Paraná
ﬂood basalts and the subordinated acidic volcanics. This basin is
presently the main source of sediments to the western South Atlantic,
delivering annually ~670 km3 of sediments to the ocean. The main
tributaries of the Paraná River are the Upper Paraná and the Paraguay
rivers, which include the Belmejo and Pilcomayo rivers (Fig. 1).
Between January and June the Paraná River provides a load of total
suspended sediments of 80 × 106 tons yr−1, of which about 70% is
from the Paraguay River and the remainder is delivered by the Upper
Paraná River. Most of the suspended material transported into the
RdlP derives from the erosion of Paraná volcanics (e.g. Depetris et al.,
2003; Garming et al., 2007; Laprida et al., 2007). The other main source
of sediments to the SE Brazilian shelf is the dust transported eastward
from the Andes Cordillera and deposited on the Argentinean Pampas
in an extensive loess sequence (e.g. Maher et al., 2010). During the
Fig. 1. Study area and location of the core 7610 (red dot). The Brazil Current (light grey, solid line)was deﬁned based on Stramma and England (1999), and Brazilian Coastal Current (BCC)
(dark grey, solid line) was based on winter scenario by Möller et al. (2008). Its further north extension representation (up to about 25°S) is based on Gyllencreutz et al. (2010). The
Patagonian and Malvinas currents were based on Palma et al. (2008). The brown area delimits the Paraná Basin according to Brea and Zucol (2011).
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late Pleistocene arid conditions prevailed in the Pampean region and
enhanced the eastward transport of material remobilized from the
loess sequence that reached the Argentinean and Uruguayan continen-
tal shelves (Zárate and Blasi, 1993; Terminiello et al., 2001; Gaiero et al.,
2003; Garreaud et al., 2009). From the western margin of the Atlantic
Ocean, this material can be transported northward by PC, MC and/or
BCC, reaching the SE Brazilian margin (Fig. 1; Gyllencreutz et al., 2010).
Here, we provide a detailed magnetic mineralogy study, coupled
with Ti/Ca ratios and particle size analyses of the decarbonated fraction
of sediments on core 7610, which was collected at 25°30′S, 46°38′W
and encompasses the last 6 cal kyr BP. Analysis of detritalmagneticmin-
erals in sedimentary sequences can provide evidence of environmental
changes thatmay be related to paleoclimatic and paleoceanographic var-
iability (e.g. Thompson and Oldﬁeld, 1986). In the last decades the use
of magnetic mineralogy characterization for sediment source studies
has increased signiﬁcantly because subtle variations in sedimentary
processes and sources result in striking changes in the magnetic signa-
ture of sediments due to changes in the input of terrigenous iron oxides
and hydroxides (i.e.magnetite, hematite and goethite) and due to the
redox conditions at the site of deposition (e.g. Liu et al., 2007). The
magnetic mineral content of core 7610 provides information about
changes in the sources of sediments that reach the continental shelf
off SE Brazil. We propose that a major switch of source areas has
occurred during the last 6 cal kyr BP, drivenmainly by paleoclimatic fac-
tors (i.e. change in precipitation in S and SE South America), and
secondly by paleoceanographic factors (i.e. sea level changes and latitu-
dinal extent of coastal currents).
2. Study area
The southern Brazilian margin comprises an extensive and complex
sedimentary sequence deposited between the Barremian and the Holo-
cene, during the opening of the Atlantic Ocean. The upper continental
margin morphology involves channels and canyons (Furtado et al.,
1996) with a shelf break located between 120 and 180 m below sea
level and an average upper continental slope gradient of about 1:55
(Mahiques et al., 2002). Since the ﬁrst studies performed during the
1970s the southern and southeastern Brazilian inner and middle shelf
superﬁcial deposits have been described as either relict lagoonal or
beach sediments, bordered by shelf-break carbonates (Rocha et al.,
1975). They are dominantly terrigenous, comprising mainly silt and
very ﬁne sand fractions with variable contents of clay and calcium
carbonate gravels (Mahiques et al., 2002).
3. Material and methods
This study is based on a piston core (7610) collected on board the
R.V. “Prof. W. Besnard” on the middle shelf of the SE Brazilian margin
in a water depth of about 100 m, at 25°30′S and 46°38′W (Fig. 1).
Core 7610 recovered 404 cmof sediment; however, only the uppermost
230 cm were analysed in this study.
Sub-sampling formagneticmineralogy studieswas performed using
8 cm3 plastic boxes at regular intervals of 2 cm, totalling 71 samples.
Sampling conditions did not allow a continuous recovery of the sedi-
mentary record for magnetic studies, leaving a gap between 86 and
114 cm. For the SEM analysis we collected small pieces of dry sediment
from the cubic boxes from four depths spread over the core and pre-
pared resin-impregnated polished sections. Samples for major element
contents (Al, Ca, Fe and Ti) on bulk sediment and samples for grain size
analysis were collected continuously at 2 cm intervals, later frozen and
subsequently freeze-dried.
3.1. Age model
Organic matter was used for radiocarbon dating owing to the lack of
suitable carbonate material such as mono-speciﬁc foraminifers or well
preserved mollusks. Approximately 7 g of bulk sediment were sampled
every 50 cm and subsequently separated for AMS radiocarbon dating at
Beta Analytics Inc. (Miami/USA). Calibration of radiocarbon ages was
performed using Calib 7.0html (Stuiver et al., 2005) with the Marine13
CalibrationDataset (Reimer et al., 2013). Correction for a regional reser-
voir effect of ΔR = 82.0 ± 46 was applied, based on the mean value of
three samples reported by Angulo et al. (2005).
The age–depth relationship was established using the mixed-effect
model regression calculated with the Cagedepth and Cagenew functions
described by Heegard et al. (2005), available at http://www.uib.no/
bot/qeprg/Age-depth.htm (last accessed January 3, 2007). This model
was chosen owing to the possibility of better error estimation in sedi-
mentation rates according to Mahiques et al. (2009). Sedimentation
rates (cm kyr−1) were obtained from the age model.
3.2. Magnetic measurements
Analysis of magnetic content throughout a sedimentary sequence
provides a vast list of magnetic parameters (the ‘environmagnetic
parameters’) that can be used as environmental proxies (e.g. Thompson
and Oldﬁeld, 1986; Verosub and Roberts, 1995; Evans and Heller, 2003).
For this study, magnetic measurements for 53 box samples were per-
formed using the 2G Enterprises pass-through SQUIDmagnetometer
at the Institute for RockMagnetism, University of Minnesota. Two ar-
tiﬁcial magnetizations were induced in the samples — anhysteretic
remanentmagnetization (ARM) and isothermal remanentmagnetization
(IRM). ARMwas acquired with a steady bias ﬁeld of 0.05 mT, with alter-
natingﬁelds (AFs) from10mT (ARM10mT) up to 100mT (ARM100mT) and
subsequently AF demagnetized step by step up to 100 mT. The IRM was
acquired at room temperature in a direct ﬁeld of 1000 mT (IRM1000 mT)
and then at a backﬁeld of−300mT (IRM−300 mT). The followingmagnet-
ic parameters were calculated from ARM and IRM acquisitions: hard IRM
(HIRM= [IRM1000 mT− IRM−300 mT] / 2), ARMdemag10 mT/ARM100 mT and
S-ratio (−IRM−300 mT/IRM1000 mT). Such parameterswere used to iden-
tify changes in magnetic concentration (χ, ARM, IRM and HIRM), in the
magnetic type (S-ratio, HIRM; Rowan et al., 2009) and in the size of the
magnetic particles (ARM/IRM and ARMdemag10 mT/ARM100 mT). More-
over, the magnetic susceptibility (χ) was measured for all samples
using a Kappabridge KLY-4/CS-4 (Agico Ltd.) at the Paleomagnetic Lab
of University of São Paulo. All remanence and magnetic susceptibility
values were normalized to the mass of the samples (Evans and Heller,
2003).
In a selected groupof samples, the bulkmeasurements of remanence
and magnetic susceptibility were complemented by other magnetic
techniques. In 18 samples, thermomagnetic curves were performed
from−200 °C up to 0 °C in order to investigate the low-temperature
transitions of the remanence (e.g. the−153 °C= 120 K Verwey transi-
tion in magnetite and the−15 °CMorin transition in hematite; Dunlop
and Özdemir, 1997). Information on the composition and grain-size of
magnetic carriers was also obtained from magnetic hysteresis loops
for eight samples corresponding to depths of 18, 38, 60, 90, 122, 148,
170 and 180 cm. Measurements were performed at room temperature
using a Princeton Ltd. vibrating sample magnetometer (VSM) directly
in the 8 cm3 boxes collected from the core. From hysteresis loops we
have obtained the classical parameters of coercivity (Bc), remanent co-
ercivity (Bcr), saturation remanence (Ms), and remanence of saturation
(Mrs). Hysteresis loops provide the high-ﬁeld susceptibility (χhf), the
total susceptibility (χtotal) and the ferrimagnetic contribution to the
total susceptibility (%χferri = [1− χhf / χtotal] ∗ 100%). Using the same
Princeton Ltd. VSM, we have obtained ﬁrst order reversal curves
(FORCs) in four of those samples (18, 42, 90 and 170 cm). FORC dia-
grams provide additional information on grain-size distribution and
magnetic interaction between remanence carriers (Pike et al., 1999;
Rocarts et al., 2000; Carvallo et al., 2006). IRM curves were analysed
using the cumulative log-Gaussian model implemented by Kruiver
et al. (2001). The presence of ﬁne-grained superparamagnetic particles
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was investigated in two samples at depths of 90 and 170 cm from zero-
ﬁeld cooled (ZFC) curves obtained with a quantum design magnetic
properties measurement system (MPMS-XL5) at the Institute for Rock
Magnetism.
Differences in magnetic particle grain-sizes tracked by magnetic
methods would permit a better assessment of the ﬁne fractions. Thus,
when talking about changes in magnetic grain-size we are discussing
subtle changes in grain-size of magnetic particles at the clay to silt frac-
tions usually not tracked by the classical grain-size methods applied to
the siliciclastic fraction of sediments. In order to obtain the equivalence
in grain size between the siliciclastic fraction and themagnetic minerals
carried with them, we calculated the hydraulic equivalence for
titanomagnetite (TM60), magnetite and hematite using the method
proposed by Garzanti et al. (2008). This method is useful to estimate
the grain size of themagnetic particles that can be transported together
with the siliciclastic content. The equivalence hydraulic principle postu-
lates that grains with the same velocity of sedimentation, which de-
pends essentially on grain size and density, will deposit together.
3.3. Scanning electron microscopy (SEM)
Four samples (depths 16, 62, 120 and 174 cm)were selected for SEM
analysis andweremounted in resin-impregnated polished sections.We
used a FEI microscope, model Quanta 600 FEG operated at 15 kV and
high vacuum mode. A Bruker X-ray energy dispersive spectrometer
(EDS) detector, model Xﬂash Quantax 400 was used for elemental
analysis.
3.4. Major elements
Major element contents (Al, Ca, Fe and Ti) of bulk sediment were
analysed by ICP-OES after total digestion. Samples (approximately 0.2 g
of sediment) were leached with nitric acid (HNO3), hydroﬂuoric acid
(HF) and hydrogen peroxide (H2O2) under microwave action following
the procedures tested by Sun et al. (2001). Element contents were
determined by optical emission spectrometry with inductively coupled
plasma (ICP-OES/Varian 710ES) at the Oceanographic Institute of
University of São Paulo (Brazil). The analytical method was validated
using a reference material, Estuarine Sediment — SRM 1646a, with
results that presented good precision and accuracy.
3.5. Particle size distribution
Grain size analyses were performed on the decarbonated fraction of
sediment samples after dissolution with 1 M HCl and thorough rinsing
with de-ionized water until pH was neutral. Grain size distributions of
the samples were measured using a Malvern Mastersizer 2000 and re-
corded using standard phi (φ) notation at intervals of a quarter of φ.
The results are presented using a Particle Size Distribution format with
the same interpolation procedures used by Gyllencreutz et al. (2010).
4. Results and discussion
4.1. Core characteristic and chronology
Core 7610 recovered 404 cm of sediment and was divided into ﬁve
distinct facies. Facies 1 (404 to 379 cm depth) is composed of bioclasts,
mostly shell fragments of bivalve molluscs. Facies 2 (379 to 372 cm
depth) comprises bioclastic sandwith colour 10Y 4/2 (olive grey). Facies
3 occurs in two intervals, from372 to 356 cmdepth, and from352 to 238
cm depth. It comprises essentially sand bioclasts mixed with shell
fragments smaller in size than the ones observed in facies 1. Facies 4
occurs between the two intervals of facies 3, from 356 to 352 cm
depth, and is composed by massive sandy mud with colour 7.5Y 3/1
(olive black). Facies 5 occupies the topmost 238 cmof the core. It consists
of sandymud (very ﬁne sand)with colour 5GY 3/1 (dark olive grey) and
presents irregular lamination and bioturbation.
The top 2-cm interval of the core is dated at approximately
700 yr cal. BP (Table 1, Fig. 2a). The uppermost 230 cm sedimentary suc-
cession represents a time span of approximately 7000 yr cal. BP. The
sedimentation rates inferred from the age model range from ca.
30 cm·kyr−1 at the base of the core up to 40 cm·kyr−1 at the top,
with a marked transition in sedimentation rates at ca. 5000 yr cal. BP
(Fig. 2b).
4.2. Magnetic data
Magnetic mineralogy ﬂuctuations displayed two abrupt changes, at
152 cmand 28 cm, in the concentration dependent parameterswhereas
grain size indicators exhibit a more gradual change from 152 up to
28 cm, as described below.
4.2.1. Changes in concentration of magnetic minerals
All concentration dependent parameters presented the same pat-
tern, with a minimum at 152 cm, a small positive peak at 66 cm, and a
major positive shift from 28 cm towards the top (Fig. 3a–d). The 152
and 66 cm peaks are more clearly shown in Fig. 3a where χ has been
rescaled (grey curve) after elimination of the anomalously high values
at the top of the core. The major shift in χ, ARM, IRM and HIRM at the
top of the core likely reﬂect a continuous increase in ferrimagnetic
mineral content in the upper 28 cm. This increase is further attested
by hysteresis measurements, which show a signiﬁcant increase in satu-
ration magnetization, remanence saturation magnetization, and in the
ferrimagnetic contribution to the total magnetic susceptibility (%χferri)
at the top of the core (see supplementary material, Fig. 1s).
4.2.2. Types of magnetic minerals
Low temperature measurements are useful to distinguish between
different iron oxides in sedimentary sequences because of characteristic
temperature transitions in their crystallographic lattices that affect
magnetization and/or magnetic susceptibility. Mineral types contribut-
ing to the magnetic signal throughout core 7610 comprise mainly mag-
netite and hematite as revealed by the S-ratio parameter and conﬁrmed
by low temperature techniques (thermomagnetic and ZFC curves). The
presence of magnetite along the core is demonstrated in ZFC experi-
ments by a step in the magnetization at 120 K in the ﬁrst-derivative
curve (Verwey transition; Fig. 5). Hysteresis parameters also display
typical values formagnetite (see supplementarymaterial, Fig. 1s). Tran-
sitions in the susceptibility were less prominent and hard to identify
due to the noise signal, but nonetheless they appeared in most thermo-
magnetic curves. The Verwey transition for magnetite (−153 °C) ap-
peared only in samples 42, 180 and 198 cm (Fig. 6). Thermomagnetic
curves for some of our samples (18, 122 and 170 cm) showed the
Morin transition of hematite (−15 °C), but themost prominent feature
in these curves is a hump at around−50 °C (Fig. 6), which was attrib-
uted to hematite with lattice strain or defect (Özdemir and Dunlop,
2000).
Table 1
Results of AMS radiocarbon datings. Calibration calculated using the regional reservoir
effect of ΔR = 82.0 ± 46, based on the mean value of three samples reported by Angulo
et al. (2005).
Core depth
(cm)
BETA Analytic
Inc. ID
14C age
(anos A.P.) ± 1σ
13C/12C
(‰, PDB)
2σ cal. range
0–2 248113 1140 ± 40 −20.3 Cal BP 820–563
50–52 248114 2390 ± 40 −19.9 Cal BP 2189–1855
100–102 248115 3210 ± 40 −20.3 Cal BP 3220–2846
150–152 248116 4550 ± 40 −20.5 Cal BP 4864–4541
198–200 248117 5650 ± 40 −20.8 Cal BP 6184–5901
238–240 248118 7030 ± 40 −21.4 Cal BP 7608–7404
308–310 248119 8880 ± 50 −21.6 Cal BP 9695–9392
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Different types of magnetic minerals can be identiﬁed also by mon-
itoring changes in their coercivity. The relatively low bulk coercivities
and high magnetization saturation ﬁelds (supplementary material,
Fig. 1s) obtained from hysteresis cycles suggest that magnetite is the
main remanence carrier in the sediments. High values of S-ratio at
the base of the core point to a prevalence of magnetite (Fig. 3e).
The S-ratio parameter is classically used as a proxy to estimate the
proportional amount of low coercivity minerals (i.e. magnetite) to
high coercivity ones (i.e. hematite; e.g. Verosub and Roberts, 1995).
S-ratios as low as 0.65 were found in the topmost part of the core
(Fig. 3e) and conﬁrm that high-coercivity magnetic minerals are
also present in our samples andmay account for a signiﬁcant propor-
tion of the magnetic remanence locally. S-ratios are about 0.77 from
the base of the record up to 152 cm, when the ratio reaches its
biggest value of 0.8 and starts to decrease gradually until 16 cm
depth. At this depth it reaches its smallest value of 0.65 (Fig. 3e).
Fig. 2. (a) Age model for core 7610; (b) sedimentation rate along core 7610. The age model was based on calibrated radiocarbon ages (red circles), interpolations were obtained through
the mixed effect model described by Heegard et al. (2005) — solid line; and the 95% conﬁdence interval — dashed lines.
Fig. 3. “Environmagnetic” parameters along core 7610 versus depth (cm). (a) χ: black line (with dots) represents all the data set and refers to the upper x-axis, and the grey line (without
dots) represents the curve of the same dataset from 28 cmdown to 188 cm and refers to the lower x-axis; (b) ARM100 mT (black line) and ARM10 mT (grey line); (c) IRM1000 mT (black line)
and IRM−300 mT (grey line); (d) HIRM; (e) S-ratio. The dots represent the measured depths.
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The change in the S-ratio suggests that there is a gradual decrease in
the relative contribution of magnetite from the base of the core
towards the top, where hematite is more abundant.
Iron sulphides are ubiquitous in marine sediments (Rowan et al.,
2009), being formed in the sulphide reduction zone during diagenesis
(Canﬁeld and Thamdrup, 2009). The most stable sulphide in marine
sediments is pyrite, which is paramagnetic, but its metastable precursor
greigite (Fe3S4) is ferrimagnetic and can be detected by magnetic
techniques (Rickard and Luther, 2007). The presence of greigite is usu-
ally indicated by SIRM/κ ratios higher than 10,000 Am−1 (Reynolds
et al., 1999) or by a signiﬁcant increase in remanence during alternating
ﬁeld demagnetization (Dunlop and Özdemir, 1997). In our samples the
SIRM/κ ratios are always below 8000 Am−1 (supplementary material,
Fig. 2s), and results of AF demagnetization for all samples showed a
smoothdecay of thenatural remanentmagnetization during alternating
ﬁeld cleaning (see supplementary material, Fig. 3s). In addition, hyster-
esis parameters were used following Roberts et al. (2011). According to
these authors, SD-like (ﬁne) greigite is expected to show Mrs/Ms ratio
higher than 0.5 and Bcr/Bc ratios smaller than 1.5. Greigite is also charac-
terized by high values of Bcr. In our case Mrs/Ms ratios of samples are
below 0.3 and Bcr is below 55 mT (see supplementary material,
Fig. 1s). These magnetic characteristics and the SEM/EDS data discussed
below suggest that ferrimagnetic iron sulphides do not contribute
signiﬁcantly to the magnetic signal observed in core 7610.
4.2.3. Grain size of the magnetic assembly
Parameter ARM/IRM (Fig. 3f) is sensitive to grain-size (or domain
state) changes in the magnetite particles. Small ferrimagnetic particles,
such as magnetite, are more efﬁcient in acquiring remanence, and ac-
quire ARM more efﬁciently than IRM (Evans and Heller, 2003). There-
fore, ARM/IRM can be used as a proxy for magnetite grain-size
ﬂuctuations throughout a sedimentary record. In the studied core,
ARM/IRM ratio decreased upwards, revealing an increase in coarse
grains. The same behaviour is conﬁrmed by the gradually larger differ-
ences between ARMdemag10 mT and ARM100 mT from the bottom to the
top of the core (Fig. 3b). Because only coarse-grained magnetite is
demagnetized at the low AF ﬁelds of 10 mT, these differences can be
used to track the relative amount of ﬁne- and coarse-grainedmagnetite
in the sample.
Fig. 4. Particle size distribution (PSD) for the core 7610, where frequency % in each size
class are indicated by colour-ﬁlled contours (legend at the top).
Fig. 5. Zero-ﬁeld cooled (ZFC) magnetization curves and quantitative analysis of ZFC
curves using log-normal ﬁt for samples GR16 and GR56.
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FORC diagrams showa combination of these low-coercivemagnetite
(or titanomagnetite) grains and superparamagnetic grains (Fig. 7).
From the base to the top (Fig. 7d to a, respectively) FORC diagrams ex-
hibit a decrease in peak distribution of coercivities, conﬁrming a gradual
change in grain size upward from coarse to ﬁne grains. The presence of
superparamagnetic grains is further conﬁrmed by the quantitative anal-
ysis of ZFC curves that typically show a rapid decrease in magnetization
between 0 and 100 K (Fig. 5; Vasquez et al., 2009).
4.3. SEM
SEM images obtained in this study conﬁrmed the presence of iron
oxides all along the core. Fig. 8 displays someexamples of Fe-(Ti)-oxides
observed at depth of 16, 62, 120 and 174 cm. Most samples exhibit par-
ticles in the pseudo-single domain (PSD) size range for titanomagnetite
(Fig. 8a,b,d) except for three images from depths of 16 and 42 cm that
show larger particles ﬁtting in the multi-domain (MD) range (Fig. 8c,
e,f). The spectrum obtained from the EDS revealed the ubiquitous
presence of titanomagnetite throughout the core (Fig. 8) and less
often, pure magnetite (Fig. 8a,i). At the depth of 120 cm, magnetite
spherules are observed within the PSD size range. A feldspar grain
with titanomagnetite inclusion was found in the same sample (Fig. 9).
Such volcanic sourced minerals were also detected in depths of 62 and
174 cm but not in the top samples.
SEM analysis also revealed the presence of iron sulphides in depths
of 16, 42 and 120 cm (Fig. 10a–d). The identiﬁcation of iron sulphides
was done with the method proposed by Schieber (2011), based on the
brightness on the surface of the iron sulphide grains. Grey grains usually
exhibit half of the sulphur peak intensity in EDS spectra and are associ-
ated with greigite whereas bright grains have a more intense peak and
are assigned to pyrite. The bright iron sulphides that form the framboids
observed in our SEM images (from 500 nm up to about 10 μm size;
Fig. 10) were attributed to pyrite, which is a paramagnetic mineral
and does not contribute to the magnetic remanence of the sediments.
4.4. Major elements (Ti/Ca)
The Ti/Ca ratio displays a progressive increase from the base to
the core top (Fig. 11f). This increase occurs in three distinct steps:
(1) between 188 and 142 cm, with Ti/Ca ratios ranging from 0.10
to approximately 0.12; (2) from 142 to 62 cm, where Ti/Ca ratios
reach values close to 0.14; and (3) after 62 cm towards the core
top, where Ti/Ca ratios present values close to 0.18.
4.5. Particle size distribution
Grain size analyses point to a predominance of muddy sediments in
core 7610. The basal part of the core shows a pronounced bimodal grain
size distribution until approximately 150 cm depth (Fig. 4). The sand
secondary mode (centred at approximately 2Φ) decreases in impor-
tance upwards, and a main mode centred at approximately 5Φ is dom-
inant until the core top. Hydraulic coefﬁcients relative to quartz were
calculated for titanomagnetite (63%), magnetite (67%) and hematite
(69%). The calculated range of grain sizes for titanomagnetite,magnetite
and hematite in core 7610 ranges from 10 nm up to about 30 μm and
Fig. 6. Low temperature thermomagnetic curves for samples in the top (18 cm), middle
(90 cm) andbase (180 cm) of the core 7610. Shade areas highlight the regionswith typical
transitions: −18 °C for classical hematite, −50 °C for hematite with lattice strains or
defect and−153 °C for magnetite. Fig. 7. FORC diagrams from four samples distributed along the core. The smoothing factor
(SF) is displayed at the bottom/right of the plots.
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encompasses all the magnetic domain behaviours (single-domain,
pseudo single-domain and multidomain).
5. Paleoenvironmental Interpretations
5.1. Sources of detrital magnetic minerals
5.1.1. Argentinean continental shelf and Pampean loess
The westerly wind regime has had and still has a central role in
transporting dust material eroded from the Andes into the ocean
margin off Argentina and Uruguay. It plays also an important role in
the water dynamics and sediment transport along the continental
shelf off S and SE Brazil (Razik et al., 2013). The main source of ﬁne-
grained particles that reach the SW South Atlantic and the southern
South America is the Andean dust transported eastward by the west-
erlies (Gaiero et al., 2003). According to Ramos and Ghiglione (2008),
an enhanced eastward transport of dust existed during the Miocene as
a consequence of interactions between the Andean uplift and the
climate. During glacial periods the dry climate contributed to a deeper
erosion of the Andean Cordillera and propelled the formation of the
Pampean loess deposits, which in turn had its sediments remobilized
by runoff water runoff or wind during late Pleistocene and Holocene
Fig. 8. SEM images of four samples from core 7610. Titanomagnetite (TM) was widely distributed along the core (b–h, i–l). We observed also pure magnetite (a), magnetite
spherules (i) and feldspar grains with TM inclusion (g).
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(Zárate and Blasi, 1993; Terminiello et al., 2001; Prospero et al., 2002;
Gaiero et al., 2003; Gaiero et al., 2007; Iriondo et al., 2009; Maher
et al., 2010). Prospero et al. (2002) mapped three main sources of dust
in southern South America that overlap a band of arid and semi-arid
terrains extending from the Peruvian to the Patagonian coast: Puna
(22–26°S)/Altiplano (15–22°S) Plateau, central-west Argentina
(27–35°S) and Patagonia (39–52°S). Because of the important role
played by SWWB in the transport of Patagonian-sourced dust, it
represents about 90% of the present day sediment ﬂux that reaches
the SWmargin of the Atlantic Ocean (Gaiero et al., 2003).
This source is more effectively available to be transported to the SE
Brazilian margin when the SWWB is stronger and continental climate
is dry (Gaiero et al., 2003). Recently, Razik et al. (2013) suggested that
the strengthening of the SWWB between 8 and 4 cal kyr BP along
with drier conditions in S and SE South America up to the mid-
Holocene (Fig. 11a–e) resulted in enhanced transport of dust from
Patagonia to the Argentinean shelf. Indeed, the paleoclimatic record
on S and SE South America, comprising charcoal accumulation in
Lagoa Nova (Fig. 11a), δ18O of speleothems from Botuverá Cave
(Fig. 11b), and the palynological record from south Brazil (Fig. 11c,d)
agrees well with extremely dry conditions between 8 and 6 cal kyr BP.
In addition, Al/Si ratios recorded by a core collected at about 34°S lati-
tude on the Uruguayan continental slope exhibits similar trends from
8 to 4.5 cal kyr BP (Fig. 11e), also indicating drier climatic conditions
in the catchment area (Govin et al., 2012).
A decrease in precipitation and an enhanced SWWB can be respon-
sible for the sharp peak observed in the Ti/Ca ratio (Fig. 11g) and in the
magnetic grain size parameters (Fig. 11g; ARMdemag10 mT/ARM100 mT) at
5.5 cal kyr BP in the core 7610 record. These abrupt peaks suggest
that the increase in terrigenous material (high Ti/Ca) with high
ARMdemag10 mT/ARM100 mT (Fig. 11h) is a response to the increase
in the supply of Patagonian dust. Accordingly, the base of core 7610
contained several grains with ilmenite exsolutions (Fig. 9a–d) and
also feldspar grains with titanomagnetite inclusions, both suggesting
fresh non-weathered materials sourced from a region with active
volcanism. These results are similar to those reported by Razik
et al. (2013) that show a dominance of detrital Fe–Ti ferrimagnetic
oxides between 8 and 4 cal kyr BP in a core off S Brazil that are likely
derived from the Argentinean shelf.
Magnetite spherules with sizes of about 5 μm were observed at
3.7 cal kyr BP (Fig. 8i) in the core record. Magnetite spherules are very
common inmarine sediments. They can be produced by volcanism, for-
est wildﬁres, or lightning (Franzén, 2006), and their grain sizes vary
from 3 to 1000 μm (Puffer et al., 1979). Such spherules are an important
component of the dust produced by past (late Holocene) or present vol-
canic activities in southern South America (Gaiero et al., 2003) and have
also been observed in a peat from Harberton Bog in Tierra del Fuego
(Franzén, 2006). A peak in activity of westerlies over southern South
America between 4.5 and 3.5 cal kyr BP (Björck et al., 2012) could ex-
plain the origin of these magnetite spherules both in peat bogs from
Tierra del Fuego and in the Argentinean loess deposits.
Our record also shows a decrease in the input of detrital sediments to
the SE Brazilian continental shelf between 6 and 4.7 cal kyr BP that is
marked by a decrease in both susceptibility and Ti/Ca ratio (Fig. 11f,g).
The presence of cold waters at the continental shelf of southern South
America was veriﬁed at the margin off the RdlP estuary (i.e. SASW;
Fig. 9. SEM images (a and c) and elementary map for Fe, S and Ti (b and d) of titanomagnetite with lamellar ilmenite.
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Möller et al., 2008). Thus, it is possible that currents from farther South
(e.g. Patagonian Current; Palma et al., 2008) might have carried sedi-
ments from the continental shelf of Argentina northward up to the SE
Brazilian continental shelf. As previously mentioned, between 6 and
4.7 cal kyr BP the ARMdemag10 mT/ARM100 mT and the ARM/IRM ratios
(grain size indicators; Fig. 11h,i) are high, suggesting a dominance of
ﬁne grained magnetite (PSD-like behaviour) compared with the period
between 2 and 0.9 cal kyr BP, when large (MD) particles prevail (see
below).
5.1.2. Río de la Plata drainage
Several lines of evidence suggest that the weathering products
of the Paraná basalts delivered to the ocean by the RdlP can reach
the SE Brazilian continental shelf as far north as 25°S (Mahiques
et al., 2008). In our case, the decreasing trend in ARM/IRM and
ARMdemag10 mT/ARM100 mT from 4.7 cal kyr BP upwards reveals a bigger
input of coarsermagnetic grains (MD) attributed to thematerial carried
by the RdlP. SEM images from sediments with ages between 2 and
0.9 cal kyr BP show a prevalence of coarse grains of (titano-)magnetite
(N5 μm, Fig. 8c,e,f), that contrast with the ﬁne-grained magnetic parti-
cles found between 6 and 4.7 cal kyr BP (Fig. 8g,h,l). The decreasing
trend of magnetite coercivity peaks observed in FORC diagrams also
suggests an increasing contribution of the coarse fraction from
2 cal kyr BP upwards (Fig. 7b).
Magnetic data obtained directly from RdlP sediments are scarce.
Tamrat and Ernesto (1999) have shown that basalts from Paraná
Magmatic Province have a magnetic mineralogy mainly dominated by
magnetite and titanomagnetite, both ﬁne (SD) and coarse (MD) and
their oxidation products, such as maghemite and hematite. Oliveira
et al. (2002) showed that the titonamagnetites found in soils produced
by the weathering of these basalts are chemically unstable, and a por-
tion of them gradually transforms into titanohematite. Garming et al.
(2007) reported a magnetic inventory of sediments along the margin
off the RdlP and found a major component of residual iron oxides,
such as magnetite, titanomagnetite and titanohematite. According to
these authors, these detrital magnetic mineral components originated
primarily from the Paraná volcanic province. Additional insight into
the products of basalt alteration can be obtained from studies per-
formed on other basaltic provinces that crop out under tropical climate.
Alagarsamy (2009) analysed superﬁcial sediments derived from basalts
dated to the Deccan magmatic province collected in the continental
shelf of India and identiﬁed two main contributions: coarse grained
(titano-)magnetite (MD) in higher abundance and subordinately
hematite. Gawali et al. (2010) also found ﬁne (SD) magnetite and
titanomagnetite in the Central West Coast of India that the authors
attributed to the Deccanmagmatic province. In sum, the expectedmag-
netic mineralogy resulting from the weathering and erosion of Paraná
volcanic rocks is expected to be dominated by detrital coarse-grained
(titano-)magnetite and maghemite, and their oxidized equivalents
(hematite and goethite).
Indeed, amore coercive phasewas identiﬁed in our record by thede-
creasing S-ratio in sediments younger than 1.3 cal kyr BP that we inter-
pret as representing these more oxidized phases. It is necessary to be
cautious using the S-ratio parameter because sometimes it is more in-
ﬂuenced by grain size than coercivity (Liu et al., 2007). In our record
the gradual increase in MDmagnetite contribution upwards (less coer-
cive phase, Fig. 11h,i) follows the same trend of the decreasing S-ratio,
proving that the higher coercivity at the top is actually due to an in-
crease in hematite content. It is interesting to note that high coercivity
phases are also found, although less abundantly, at the base of core
Fig. 10. SEM images of iron sulphide framboids along the core 7610. Using Fe/S ratio and brightnesswe could distinguish between greigite and pyrite. All the iron sulphides we found have
pyrite characteristics.
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7610. All samples show a hump in thermomagnetic curves at about
−50 °C, and some exhibit the Morin transition (−18 °C) of hematite
(Fig. 6). This signal can result from the ﬁne particle size of hematite
crystals, lattice strain or defects (Özdemir and Dunlop, 2000). Thus,
our results suggest that even at times when SASW attained lower
latitudes and the Argentinean continental shelf was the main source
of sediments to the SE Brazilian shelf (Fig. 11h,i), it is possible that a
mixing between PC and BCC promoted also the transport of material
from the Paraná basin to the north. This mixing between PC and BCC
waters is also suggested by the analysis of particle size distribution of
decarbonated fraction, which exhibits a coarser trend in the interval be-
tween 6 and 5 cal kyr BP (162–194 cm; Fig. 4). A similar conclusion was
reached by Gyllencreutz et al. (2010) from the grain size distribution on
other cores from the same region. Through the SEM analysis, we con-
ﬁrmed the contribution of titanomagnetite in the PSD and MD ranges
throughout the whole core (Fig. 8).
The increase in coarse-grained (MD) magnetite and hematite coin-
cides with major climatic changes in S and SE South America. This
change is marked by the gradual increase in magnetic susceptibility
and Ti/Ca in core 7610, which reﬂects the establishment of wetter con-
ditions between 4.7 and 2 cal kyr BP (Fig. 11f,g). Behling (2003) ob-
served an abrupt decrease in charcoal accumulation between 8 and
7 cal kyr BP towards the establishment of a wetter climate (Fig. 11a).
This decrease in the frequency of wood ﬁres is coeval with a shift to
more negative values of δ18O in speleothems from Botuverá Cave
(Fig. 11b). After 2 cal kyr BP a signiﬁcant increase in magnetic suscepti-
bility and Ti/Ca ratio (Fig. 11f,g) is accompanied by an abrupt change in
magnetic concentration parameters (χ, ARM, IRM and HIRM; Fig 3a–d)
indicating an enhanced detrital input. The increase in detrital input after
2 ka BP is associated with an even wetter climate from 2 until
0.9 cal kyr BP (Behling et al., 2004; Cruz et al., 2005). This tendency is
corroborated by the increase in relative abundances of Poaceae and spe-
cies Araucaria angustifolia (Fig. 11c,d; Behling et al., 2004) and the Al/Si
ratio in core GeoB6211-2 (Fig. 11e; Chiessi et al., 2010). A similar trend
between 3 and 1 cal kyr BP has also been proposed by Mahiques et al.
(2009) on the basis of a similar increase in the Ti/Ca ratio in a core sam-
pled further south of core 7610.
5.2. Sea level changes in the Southeast Brazil continental margin
During the late Holocene the estuary of the RdlPwas under the inﬂu-
ence of shoreline transgression until about 6 cal kyr BP (Violante and
Parker, 2004; Angulo et al., 2006; Quattrocchio et al., 2008; Zárate
et al., 2009). Although the compilation of all sea level data generated
along the Brazilian coast made by Mahiques et al. (2009) shows local
differences in sea level, the consensus is that the RdlP region experi-
enced a period of stabilized high sea level between 7 and 3 cal kyr BP
and after that sea level decreased gradually up to the present day.
Angulo et al. (2006) used geomorphological evidence to show that
some features of the RdlP and the adjacent continental shelf were
formed as a result of coastline migration associated with relative sea-
level ﬂuctuations. Abundance of marine dinocysts and acritarchs syn-
chronous with the expansion of gramineous steppe over the continent
reﬂected this maximum transgression in the mid-Holocene and a re-
gression after this time (Violante and Parker, 2004). A possible scenario
for the sea level highstand at 6 cal kyr BP is that this transgressive event
drowned the RdlP estuary and blocked delivery of sediments from cra-
tonic areas, thus restricting the northward transport of this material to
the Brazilian continental shelf by the BCC. This change in delivery coin-
cideswith the beginning of ﬂuvial input just south of the RdlP estuary as
Fig. 11. Proxy records of climatic and sea level changes in southeastern South America.
(a) Lagoa Nova (Behling, 2003), (b) Botuverá Cave (Cruz et al., 2005), (c and d) pollen —
Cambará do Sul (Behling et al., 2004), (e) western South Atlantic, GeoB6211 core (Chiessi
et al., 2010), and (f) Ti/Ca, (g) Susceptibility, (h) ARM (%) and (i) ARM/IRM ratio for the
core 7610.
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estimated by Laprida et al. (2007) after 5.0 cal kyr BP, and it coincides
with the sea level fall at that time. During maximum sea level the sedi-
ments that deposited on Brazilian continental shelf were likely derived
from the Argentinean continental shelf and were transported to a
northward position by the PC. The maximum sea level at 6 cal kyr BP
coincides with the lowest sedimentation rate over the Brazilian conti-
nental shelf (about 24°S; Mahiques et al., 2009). This gradual change
in sediment dynamics is evident in our data from the grain size depen-
dent parameters (ARMdemag10 mT/ARM100 mT and ARM/IRM; Fig. 11h,i,
respectively), which show that after 4.7 cal kyr BP coarser grains (MD)
became progressivelymore dominantwith a peak of relative abundance
after 2 cal kyr BP. Laprida et al. (2007) recorded RdlP ﬂuvial sedimenta-
tion south of the river mouth and attributed it to the drop in sea level
after 5 cal kyr BP.
5.3. Tracking the onset of the RdlP plume
Our record displays strong shifts in concentration, size, and type
of the magnetic minerals throughout the core that can be synchro-
nized with changes in sea level and in precipitation over the Paraná
drainage basin and the RdlP estuary, tracked by several climatic
proxies (Fig. 11). The concentration-dependent magnetic parame-
ters χ, ARM, IRM and HIRM (Fig. 3a–d) mutually agree well. The
base of the core (6–4.7 cal kyr BP, 188–152 cm) is characterized by
a larger contribution of ﬁne magnetic grains (PSD). The S-ratio is
nearly constant and displays high values up to 4.7 cal kyr BP
(152 cm), suggesting a more signiﬁcant presence of magnetite with
respect to hematite in this sector of the core (Fig. 3e). FORC diagrams
reveal two distinct coercivities: around 10 mT and 50 mT, and in all
samples the reduced coercivity is attributed to the presence of SP
grains (ultra-ﬁne magnetite) and the higher coercivity represents
ﬁne-grained magnetite (Fig. 7). SEM images support the magnetic data
and reveal ﬁne magnetic minerals, comprising mostly titanomagnetite
grains sometimes as inclusions in silicates (Figs. 8g and 9a–d). The
sediment source that best ﬁts the aforementioned characteristics is the
dust from southern South America, which is characterized by the
presence of ﬁne-grained magnetite in modern soils (Orgeira et al.,
2008) and detrital (titano-)magnetite (Orgeira et al., 1998; Orgeira
et al., 2009). Orgeira et al. (2011) using a conceptual model suggest
that the ﬁne-grained magnetite is an oxidation product precipitated
after rain events in the saturated pores of paleosoils. Material from
Pampean loess in this region reaches the Argentinean and Uruguayan
continental shelves by eolian transport. The small contribution from
ﬂood basalts of Paraná Basin from 6 until 4.7 cal kyr BP in the form of
high coercivity, more oxidized iron phases might be related to the dry
climate reconstructed over the Paraná drainage basin in this period
(e.g. Chiessi et al., 2010) and the high sea level at the time that probably
ﬂooded the RdlP estuary. Afterwards, the magnetic record displays a
change in grain-size (from ﬁne-grained to coarse magnetite) and
composition (from magnetite to hematite). This major change in
the magnetic mineralogy is attributed to a gradual change in the sedi-
ment source. The material replacing the Andean dust corresponds to
theweathering products of the Paraná Basin volcanics. Thus, the change
marks the onset of the RdlP inception into the SE Brazilian shelf. From 2
to 0.9 cal kyr BP this source becomes dominant as indicated by a signif-
icant increase in concentration-dependent parameters that is more no-
table from 1.3 cal kyr BP onward (from 28 cm; Fig. 3a–d). This increase
reﬂects a higher input in detrital material from the RdlP. The S-ratio de-
creases upwards to aminimumnear the core top (1.1 cal kyr BP, 18 cm),
when the contribution of a more coercive fraction becomes the most
important in the record. After 1.3 cal kyr BP the magnetic mineral con-
centration increased substantially probably as a result of a signiﬁcant
increase in rainfall over the drainage basin of the RdlP (Fig. 11c,d;
Behling et al., 2004) and the enhanced weathering of the ﬂood basalts
of the Paraná Basin (Depetris et al., 2003).
6. Conclusions
We used the magnetic mineralogic content in core 7610 to describe
a change in sediment delivery to the SE Brazilian shelf from ﬁne-grained
low coercive phases (i.e. magnetite) present in the Pampean loess
(Orgeira et al., 2009) to coarse-grained low coercive phases plus high
coercive phases (i.e. hematite) that originated from the ﬂood basalts of
the Paraná Basin (Oliveira et al., 2002). Our record shows a shift be-
tween these two sediment sources during the mid-Holocene that was
marked by abrupt changes at 4.7 and 2 cal kyr BP in magnetic data
and Ti/Ca ratios. Non-oxidized magnetic phases rich in ﬁne magnetite
were dominant between 6 and 4.7 cal kyr BP when drier conditions
and a stronger Southern Westerly Wind Belt enhanced the remobiliza-
tion of dust from Argentinean loess and its redeposition on the western
margin of the Atlantic Ocean. Between 4.7 and 2 cal kyr BP there was a
mixing between loessic soil and weathered material from the Paraná
Basin. At 2 cal kyr BP oxidized magnetic minerals, mainly maghemite
and hematite, became dominant on the SE Brazilian continental shelf
owing to stronger weathering of the Paraná Basin that was caused by
an increase in precipitation over southeast South America (Cruz et al.,
2005). The changes in the magnetic inventory and the Ti/Ca ratio sug-
gest that the progressive change in the source of sediments that were
delivered to the SE Brazilian shelf was mainly an effect of late Holocene
wetter conditions over the drainage basin of the RdlP and that the
Andeandust remobilized fromArgentinean loess is a background signal.
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